Contexts exert bi-directional control over relapse to drug seeking. Contexts associated with drug selfadministration promote relapse, whereas contexts associated with the absence of self-administration protect against relapse. The nucleus accumbens shell (AcbSh) is a key brain region determining these roles of context. However, the specific cell types, and projections, by which AcbSh serves these dual roles are unknown. Here, we show that contextual control over relapse and abstinence is embedded within distinct output circuits of dopamine 1 receptor (Drd1) expressing AcbSh neurons. We report anatomical and functional segregation of Drd1 AcbSh output pathways during context-induced reinstatement and extinction of alcohol seeking. The AcbSh/ventral tegmental area (VTA) pathway promotes relapse via projections to VTA Gad1 neurons. The AcbSh/lateral hypothalamus (LH) pathway promotes extinction via projections to LH Gad1 neurons. Targeting these opposing AcbSh circuit contributions may reduce propensity to relapse to, and promote abstinence from, drug use.
In Brief Dopamine 1 receptor expressing neurons projecting from the accumbens shell to lateral hypothalamus and ventral tegmental area promote extinction versus reinstatement of reward seeking, respectively. 
INTRODUCTION
Drug use contributes significantly to the global burden of disease and injury (Whiteford et al., 2013) . A major treatment goal is promoting abstinence but the chronic relapsing nature of addictive disorders remains a major impediment (Jonas et al., 2014) . The contexts where drugs are consumed play a central role in promoting relapse. Contexts associated with drug self-administration provoke craving and relapse, whereas contexts associated with the absence of self-administration protect against these (Bouton, 2002) .
The permissive and protective effects of contexts are exemplified in the renewal or context-induced reinstatement procedure (Crombag and Shaham, 2002) . Here, rats are trained to respond for a drug in one context. This behavior is extinguished in a second distinctive context. When tested in the extinction context, responding is low (protective effect), but when tested in the training context responding is high (permissive effect). This contextual control over extinction and reinstatement is a general feature of relapse, shown for a variety of drug and nondrug rewards (Bossert et al., 2004; Crombag and Shaham, 2002; Hamlin et al., 2007; Rubio et al., 2015) .
The nucleus accumbens shell (AcbSh) underpins these dual roles of context. Both roles are linked to medium spiny neurons in the ventral striatum Sutton et al., 2003) , particularly AcbSh. Contextual control over extinction and reinstatement has been linked to cortical (Bossert et al., 2012; Peters et al., 2008) , thalamic , hippocampal (Bossert et al., 2016) , and amygdala (Millan and McNally, 2011) inputs to AcbSh. Yet, how the AcbSh serves these opposing roles in is poorly understood.
AcbSh neurons project to lateral hypothalamus (LH) and ventral tegmental area (VTA) among other regions (Groenewegen et al., 1999) . Projections to VTA and LH may be especially important. VTA has been implicated in context-induced reinstatement (Bossert et al., 2004) , whereas LH has been implicated in both extinction and reinstatement (Marchant et al., 2009; Millan et al., 2010) . Here we examined the possibility that the opposing roles for AcbSh in relapse and extinction are linked to distinct AcbSh output pathways.
RESULTS

Segregation of Accumbens Shell Dopamine 1 Receptor Expressing Output Pathways
AcbSh neurons project extensively to VTA and LH (Groenewegen et al., 1999) . We hypothesized that these projections control the permissive and protective roles of context in relapse. These neurons express dopamine 1 receptor (Drd1) or dopamine 2 receptor (Drd2), with a minority expressing both (Gerfen and Surmeier, 2011) . So, we examined dopamine receptor expression profiles of AcbSh neurons projecting to VTA and LH.
We injected CTb-488 into VTA (n = 3) or LH (n = 3) and assessed retrograde labeled AcbSh neurons for dopamine receptor mRNA expression via fluorescence in situ hybridization ( Figure 1A ; Figure S1A ). The majority of AcbSh neurons projecting to VTA or LH expressed drd1 not drd2 mRNA ( Figures 1B-1D ) (O'Connor et al., 2015) . In VTA projection neurons, 363/376 CTb-containing cells expressed drd1 mRNA (96.5% ± 1.7%, mean ± SEM) and 8 drd2 mRNA (2.1% ± 1.1%). 6 VTA-projectors expressed both drd1 and drd2 mRNA (1.6% ± 0.6%). In LH-projectors, 853/973 CTb-containing cells expressed drd1 (87.7% ± 4.4%) and 57 drd2 mRNA (5.9% ± 1.1%). 17 LH-projectors expressed both drd1 and drd2 (1.7% ± 0.6%). Using two color dual retrograde tracing (CTb-488 and CTb-555) ( Figure 1E ; Figure S1B) , these projections to VTA and LH emerged from largely non-overlapping populations, with 11% (±3.6%) of AcbSh/VTA neurons also labeled from LH and 20% (±3.5%) of AcbSh/LH neurons also labeled from VTA ( Figures 1F-1H ). VTA-and LH-projecting neurons were distributed throughout AcbSh. Therefore, AcbSh projections to VTA and LH emerge from predominantly distinct populations of Drd1 neurons.
The Accumbens Shell/Ventral Tegmental Area Pathway Mediates Relapse To determine AcbSh/VTA and AcbSh/LH contributions to the permissive and protective roles of context in relapse, we used the ABA renewal model (context-induced reinstatement) of alcohol seeking in rats. We expressed halorhodopsin (eNpHR3.0) (n = 9) or enhanced yellow fluorescent protein (eYFP) (n = 8) in AcbSh and implanted optical fibers above VTA (Figure 2A ; Figure S1C ). We trained rats to respond for alcoholic beer in a distinctive context. Responses on one nosepoke (active) caused delivery of alcoholic beer to a magazine cup, whereas responses on a second nosepoke (inactive) did not. Then we extinguished this behavior in a second, distinctive context where responses did not earn alcohol. Rats were tested in the extinction context (extinction) and training context (reinstatement). There was no alcohol available during these tests.
Responding was low when tested in the extinction context, confirming the protective role of the extinction context. In contrast, responding was renewed when tested in the training context ( Figure 2B ), exemplifying the permissive role in relapse of contexts associated with alcohol (Context 3 Nosepoke interaction F (1,15) = 6.34, p = 0.024). AcbSh/VTA photoinhibition prevented context-induced reinstatement (Context 3 Nosepoke 3 Group interaction F (1,15) = 7.72, p = 0.014). Relapse can also be provoked by contingent re-exposure to alcohol and this underpins a florid return to drinking in humans (Marlatt and Donovan, 2005) . In a separate experiment, we examined whether photoinhibition of the AcbSh/VTA pathway (eYFP n = 7 or eNpHR3.0 n = 6) ( Figure S1D ) prevents this form of relapse. Rats trained, extinguished, and tested in the same context were allowed to self-administer alcohol for the first time since training. AcbSh/VTA photoinhibition reduced reacquisition (Group 3 Nosepoke interaction F (1,11) = 17.62, p < 0.001) ( Figure 2C ). These findings show that the AcbSh/VTA pathway is necessary for relapse. However, AcbSh/VTA photoinhibition may have reduced relapse via non-specific effects. So we assessed behaviors during tests for relapse. There was a rapid impact of photoinhibition on reinstatement (within 2 min: independent samples Mann-Whitney U test, p = 0.021) and reacquisition (within 20 min: independent samples Mann-Whitney U test, p = 0.022) but no effects on other behaviors (Figures 2D and  2E ; Figure S2A ). Moreover, the AcbSh/VTA pathway was not necessary for alcohol self-administration. Photoinhibition on Day 1 or Day 10 of self-administration in a different group of rats had no effect ( Figure 2F ; Figure S1G ; eYFP [n = 5], eNpHr3.0 [n = 8]). So, photoinhibition did not simply interrupt behavior necessary for self-administration. Photoinhibition also did not affect motivation to obtain alcohol under a progressive ratio schedule ( Figure 2F ). In a separate group of rats, AcbSh/VTA photoinhibition had no effect on locomotor activity in an open field ( Figure 2G ; Figure S1E ; eYFP [n = 6], eNpHr3.0 [n = 7]). Finally, neither AcbSh/VTA photoinhibition nor photostimulation had intrinsic motivational effects in optical self-stimulation ( Figure S2B ). These findings show that the AcbSh/VTA pathway is critical for promoting relapse to alcohol seeking.
In contrast to the AcbSh/VTA pathway, AcbSh/LH pathway photoinhibition (eYFP n = 6, eNpHR3.0 n = 6) ( Figure 2H ; Figure S1H ) had no effect on either form of relapse. We observed context-induced reinstatement (Nosepoke 3 Context interaction F (1,10) = 48.77, p < 0.0001), but no effect of AcbSh/LH inhibition (no Group 3 Nosepoke 3 Context interaction F (1,10) = 1.02, p = 0.336) ( Figure 2I ). We also found no effect of AcbSh/LH photoinhibition when the same rats were tested for reacquisition (no main effect of Group F (1,10) = 0.58, p = 0.464; no Group 3 Nosepoke interaction F (1,10) = 0.62, p = 0.449) ( Figure 2J ). AcbSh Drd1 neurons provide inhibitory inputs to both GABA (e.g., Bocklisch et al., 2013; Yang et al., 2018) and dopamine (Edwards et al., 2017; Yang et al., 2018) VTA cell populations. Context-induced reinstatement is decreased by systemic dopamine receptor antagonism (Hamlin et al., 2007) , so we hypothesized that reinstatement is due to AcbSh Drd1 inhibitory input to VTA GABA neurons (e.g., Bocklisch et al., 2013; Yang et al., 2018) . We first examined this by expressing ChR2 in AcbSh and making whole-cell patch-clamp recordings from VTA Gad1 neurons ( Figure 3A ). Consistent with past work, ChR2 stimulation of AcbSh inputs evoked a short latency outward current (Vm -50 mV) in 43% (6/14) of measured VTA Gad1 neurons (Figures 3B and 3C) . The onset latency (3.4 ± 1.9 ms from light onset; mean ± SD), rapid kinetics, reversal potential, and sensitivity to the GABA-A receptor antagonist picrotoxin (100 mM; n = 2) indicated that AcbSh neurons make monosynaptic GABAergic inhibitory inputs onto VTA Gad1 neurons ( Figure 3D ; Figure S4 ).
Thus, we hypothesized that context-induced reinstatement may depend on AcbSh inhibition of VTA Gad1 neurons. To test this, we used LE-Tg(Gad1-iCre)3Ottc (Gad1-Cre) rats (Sharpe et al., 2017) (n = 7) or Gad1-Cre-(n = 8) rats to express the excitatory hM3Dq designer receptor (Armbruster et al., 2007) in VTA Gad1 neurons ( Figure 3E ; Figure S1F ). If AcbSh inhibition of VTA Gad1 neurons causes relapse, then relapse should be prevented by VTA Gad1 chemogenetic excitation. Systemic injection of clozapine-N-oxide (CNO; 3 mg/kg) reduced reinstatement (Context 3 Nosepoke 3 Group interaction F (1,13) = 8.24, p = 0.013), reacquisition (Group 3 Nosepoke interaction F (1,13) = 5.00, p = 0.044), and motivation in a progressive ratio (Group 3 Nosepoke interaction F (1,13) = 5.76, p = 0.032) (Figure 3F) . However, CNO had no effect on latency to respond (reinstatement F (1,13) = 3.43, p = 0.091; reacquisition F (1,13) = 1.20, p = 0.293; progressive ratio F (1,13) = 0.07, p = 0.795) or locomotor behavior (as measured by magazine entries) (reinstatement F (1,13) = 0.15, p = 0.705; reacquisition F (1,13) = 0.31, p = 0.587; progressive ratio F (1,13) = 2.06, p = 0.175) ( Figure 3G ).
Systemically administered CNO is converted into clozapine that acts as the hM3Dq receptor actuator (Gomez et al., 2017) . Hence, we assessed the dose-response properties of clozapine in preventing context-induced reinstatement ( Figure 3H ; Figures S1K-S1M). There was no effect of hM3Dq expression per se on reinstatement (0 mg/kg clozapine) (Context 3 Nosepoke 3 Group interaction F (1,11) = 0.16, p = 0.697) (Cre+ n = 6, CreÀ n = 7). 0.03 mg/kg clozapine did not prevent reinstatement (Context 3 Nosepoke 3 Group interaction F (1, 14) 0.56, p = 0.467) (Cre+ n = 8, CreÀ n = 8). However, reinstatement was selectively reduced in Gad1-Cre+ rats by 0.1 mg/kg clozapine (Context 3 Nosepoke 3 Group interaction F (1, 12) 14.66, p = 0.002) (Cre+ n = 7, CreÀ n = 7). Interestingly, this selective reduction in reinstatement was observed even though 0.03 and 0.1 mg/kg clozapine modestly reduced overall levels of responding in all rats across all manipulanda compared to vehicle (clozapine main effect F (1, 37) = 9.58, p = 0.004). Again, the reduction in reinstatement is not attributable to effects on locomotor activity because there were no significant effects on locomotor activity (velocity or distance traveled) in an open field ( Figures S2C and S2D ). These findings show that the AcbSh/VTA pathway mediates the permissive role of contexts in relapse and that this role is linked to VTA Gad1 neurons. (D) GABA-A receptor antagonist picrotoxin (100 mM; n = 2) blocked light-evoked current (Vm = À50 mV).
(E) hM3Dq applied to VTA of Gad1-Cre+ or À rats and CNO injected prior to tests, scale bars: 500 mm. (Marchant et al., 2009 ). However, we found no effect of photoinhibition on this reinstatement ( Figures  2H-2J ). Why? LH comprises a diversity of cell types each with important roles in motivation. In mice, AcbSh Drd1 neurons provide inhibitory synaptic input to LH GABA neurons (O'Connor et al., 2015) . We confirmed this by expressing ChR2 in AcbSh and making whole-cell patch-clamp recordings from LH Gad1 neurons (Figure 4A ). ChR2 stimulation of AcbSh inputs evoked a clear current in 40% (8/20) of measured LH Gad1 neurons. The onset latency (3.0 ± 1.1 ms from light onset; mean ± SD), rapid kinetics, reversal potential, and sensitivity to the GABA-A receptor antagonist picrotoxin (100 mM; n = 3) indicated that AcbSh neurons make monosynaptic GABAergic inhibitory inputs onto LH Gad1 neurons (Figures 4B-4D ; Figures S4A-S4D ).
Extinction imposes context-specific inhibition on alcohol seeking. However, relapse requires not just removal of this inhibition but also retrieval of the self-administration memory (Todd et al., 2014) . AcbSh/LH photoinhibition may remove the protective effect of extinction but this only causes relapse in the presence of a relapse-permissive contextual selfadministration memory. We tested this hypothesis using a single context design whereby training, extinction, and testing all occurred in the same context. These circumstances are similar to those faced by human drinkers abstaining from alcohol in the same environments where problem drinking developed. We expressed eNpHR3.0 (n = 7) or eYFP (n = 7) in AcbSh and implanted fibers above LH ( Figure 4E ; Figure S1J ). We trained and extinguished alcohol self-administration in a single context prior to testing in this same context. AcbSh/LH photoinhibition caused reinstatement. Importantly, photoinhibition had no effect in a group (n = 5) trained in one context but extinguished and tested in a second context (main effect of group F (1,12) = 23.63, p < 0.0001; Group 3 Nosepoke interaction F (1,12) = 26.96, p < 0.0001) ( Figure 4E ). Thus, the relapse induced by AcbSh/LH photoinhibition depends on a contextual selfadministration memory.
Next, we asked whether the inhibition of alcohol seeking observed after extinction depends on decreased activity in LH GABA neurons. We expressed the excitatory hM3Dq designer receptor in LH Gad1 neurons of Gad1-Cre+ (n = 7) or Gad1-CreÀ (n = 7) rats ( Figure 4F ; Figure S1I ). Then, after self-administration training and extinction in a single context, we injected CNO (0-3 mg/kg) prior to tests for extinction. Consistent with our hypothesis, LH Gad1 chemogenetic excitation prevented expression of extinction, increasing responding in Gad1-Cre+ rats (CNO 3 Group 3 Nosepoke interaction F (1,12) = 8.78, p = 0.012) ( Figure 4F ). These findings show that the AcbSh/LH pathway is critical for extinction expression. Thus, relapse is due, at least in part, to a failure to recruit the AcbSh/LH pathway. Building on literature showing the therapeutic potential of accumbens optical deep brain stimulation (Creed et al., 2015) , it may be possible to artificially recruit this pathway to prevent relapse. We photoactivated the AcbSh/LH pathway (ChR2 n = 6 or eYFP n = 6) during relapse and prevented reinstatement ( Figures S3A and  S3B ). However, because ChR2 stimulation in this pathway can interrupt appetitively motivated behavior (O'Connor et al., 2015) , we were concerned that it may have reduced relapse non-selectively. To provide more stringent assessment, we photostimulated the AcbSh/LH pathway during reacquisition (ChR2 n = 7, eYFP n = 6) versus during established, non-extinguished self-administration (Control) (ChR2 n = 8, eYFP n = 9) ( Figures 4G and S3C) . AcbSh/LH ChR2 stimulation selectively reduced responding during reacquisition (group 3 nosepoke interaction F (1,23) = 4.67, p = 0.041) but not self-administration (group 3 nosepoke interaction F (1,23) = 0.15, p = 0.702). This was pathway specific: there was no effect of AcbSh/VTA photoactivation on reacquisition ( Figures 4H and S3D ) (no main effect of Group F (1,15) = 0.98, p = 0.338, no Group 3 Nosepoke interaction F (1,15) = 1.24, p = 0.283) (eYFP = 8, ChR2 = 9). So, the AcbSh/LH pathway mediates the protective effects of extinction training to prevent relapse.
DISCUSSION
We show that contextual control over extinction and reinstatement is achieved via distinct AcbSh output pathways. The AcbSh/VTA pathway promotes relapse whereas the AcbSh/LH pathway promotes extinction. Striatal output pathways have well-established heterogeneities (e.g., emergence from Drd1 versus Drd2 expressing neurons, origin from dorsal versus ventral striatum) (Gerfen and Surmeier, 2011) . Functional differences between Drd1 and Drd2 output pathways have special relevance to addiction-like behavior (Calipari et al., 2016) . We found that differences remain within a single accumbens sub-region and cell type, with contextual control over relapse and abstinence embedded within distinct AcbSh Drd1 output pathways. These pathways provide monosynaptic inhibitory input to GABA neurons in VTA and LH (Bocklisch et al., 2013; O'Connor et al., 2015) so that AcbSh projections to VTA Gad1 neurons are relapse promoting, whereas AcbSh projections to LH Gad1 neurons are extinction promoting. Several questions about the roles of these pathways in relapse and extinction remain unanswered. The roles of other VTA cell types (Morales and Margolis, 2017 ) and inputs to LH Gad1 or VTA Gad1 neurons in promoting and preventing relapse is unknown. For example, VTA GABA neurons receive inputs from lateral habenula (Stamatakis and Stuber, 2012) that are relevant to contextual control over relapse. The roles of VTA Th neurons in context-induced reinstatement and extinction are also unknown. We show that AcbSh output pathways achieve their effects on relapse via VTA GABA neurons. These GABA neurons provide local inhibition of VTA dopamine neurons, controlling both firing rates (Bocklisch et al., 2013) and dopamine release (Nieh et al., 2016) . LH GABA neurons also provide inhibitory synaptic input to VTA GABA neurons to disinhibit VTA Th neurons (Nieh et al., 2016) . So, AcbSh output Drd1 pathways may achieve their effects on relapse and extinction via indirectly releasing (AcbSh/VTA Gad1 ) or maintaining (AcbSh/LH Gad1 ) local GABAergic inhibition over VTA dopamine neurons ( Figure S4E) (E) eNpHR3.0 or eYFP applied to AcbSh and fiber optic cannula bilaterally implanted above LH, scale bars: 500 mm. AcbSh/LH photoinhibition caused reinstatement in single context design but not if extinction and test occurred in different contexts.
(F) hM3Dq applied to LH of Gad1-Cre+ or À rats and CNO or vehicle injected prior to tests, scale bars: 500 mm. LH Gad1 chemogenetic excitation caused reinstatement in a single context design.
(G) AcbSh/LH photostimulation reduced reacquisition not self-administration. (H) AcbSh/ VTA photostimulation had no effect on reacquisition. Data are represented as mean + SEM. Analyses were ANOVAs. *p < 0.05.
Methodological Considerations
First, photoinhibition had no effect on locomotor activity or other behaviors during tests. Rather, its effects depended on the specific training and testing histories of the contexts. Second, neither hM3Dq expression nor CNO injection alone affected behavior. Extinction and relapse were intact in hM3Dq rats injected with vehicle. CNO had opposite effects when hM3Dq was expressed in VTA Gad1 versus LH
Gad1
. Third, consistent with CNO being metabolized into clozapine to serve as hM3Dq actuator (Gomez et al., 2017) , low doses of clozapine mimicked CNO in hM3Dq expressing rats. However, a low clozapine dose, which did not affect reinstatement, did modestly and non-selectively reduce overall levels of responding. These findings underscore the utility of multiple viral, pharmacological, and behavioral controls for chemogenetic manipulation. Fourth, rats had access to food and water for 1 hr per day. Under these conditions, rats could respond for several reasons (alcohol-rewarding effects, caloric effects, or a combination). Thus, the circuits we describe here are likely relevant to contextual control over reinstatement and extinction across a variety of reinforcers.
Conclusions
We show that contextual control over reinstatement and extinction is linked to largely distinct AcbSh Drd1 output pathways targeting VTA and LH. These two AcbSh output pathways share a common circuit motif: AcbSh Drd1 GABAergic medium spiny neurons projecting to Gad-1 neurons in VTA or LH. Our findings show that general motivational or behavioral response topographies are not reliable readouts of AcbSh circuit function. Rather, operation of AcbSh output circuits is more nuanced (Floresco, 2015) , with flexibility in recruitment during self-administration, extinction, and relapse. This flexibility can be exploited, as highlighted by selective prevention of relapse via AcbSh/LH photostimulation. However, although we identify context as one factor selecting between these circuits, the rules describing the operation of these circuits remain to be determined.
Existing pharmacotherapies against relapse have only modest success. One goal is development of precise medications that act on distinct cell types. Our discovery that contextual control over relapse and abstinence is embedded within the same cell types located in different circuits suggests that selective targeting via traditional pharmacological approaches may prove difficult. Circuit-specific interventions such as silencing one pathway (AcbSh/VTA) while strengthening the other (AcbSh/LH) may more effectively undermine the propensity to relapse that is characteristic of addictions.
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EXPERIMENTAL MODEL AND SUBJECT DETAILS
Subjects were male Sprague-Dawley, LE-Tg(Gad1-iCre)3Ottc (Sharpe et al., 2017 ) (Optogenetics and Transgenic Technology Core, NIDA, MD, USA), SD-TH-Cretm1sage (Horizon Discovery, Cambridge, United Kingdom), or inbred male and female alcoholpreferring iP rats. All subjects were adult. Unless otherwise noted, rats were housed in groups of 4 in a climate-controlled colony room maintained on 12:12 hr light/dark cycle (0700 lights on). Rats for anatomy studies had free access to food and water. Rats in behavioral studies had free access to food (Gordon's Rat Chow) and water until two days prior to commencement of behavioral training when they received 1 hr of access to food and water each day for the remainder of the experiment. The alcohol-preferring iP rats were used for combined retrograde tracing and RNAscope analyses only. They were obtained from the breeding colony at The Florey Institute of Neuroscience and Mental Health, The University of Melbourne. Paternal stock was previously obtained from Professor T.K. Li (while at Indiana University, USA). iP rats were pair-housed, had food (Barastoc rat and mouse) and water available ad libitum and were maintained on a normal 12-hr light/dark cycle (0700 lights on). All subjects were randomly allocated to experimental conditions. All studies were performed in accordance with the Animal Research 
METHOD DETAILS
Surgeries and viral injections Rats were anaesthetized via i.p. injection with a mixture of 1.3 mL/kg ketamine anesthetic (Ketamil; Troy Laboratories, NSW, Australia) at a concentration of 100 mg/mL and 0.3 mL/kg of the muscle relaxant xylazine (Xylazil; Troy Laboartories, NSW, Australia) at a concentration of 20 mg/mL. Rats received a subcutaneous injection of 0.1mL 50mg/mL carprofen (Pfizer, Tadworth, United Kingdom) before being placed in the stereotaxic frame (Kopf Instruments, CA, USA). For combined tracing + RNAscope rats were anaesthetized with isoflurane (5% induction; 2% maintenance) before being placed in the stereotaxic frame (Stoelting instruments, IL, USA). Rats received stereotaxic surgery using the following flat skull coordinates relative to bregma (in mm) Vectors and tracers were infused with a 23-gauge, cone tipped 5 mL stainless steel injector (SGE Analytical Science, Australia) over 3 min using an infusion pump (UMP3 with SYS4 Micro-controller, World Precision Instruments, FL, USA). The needle was left in place for 7 min to allow for diffusion of and reduce spread up the infusion tract. For tracing + RNAscope a 1 mL, 32 gauge Neuros Hamilton syringe was used. Optogenetic cannulae for relevant experiments were implanted during a concurrent stereotaxic procedure. Hand fabricated cannula were secured using jeweller's screws and dental cement (Vertex Dental, the Netherlands). At the end of surgery, rats received intramuscular injection of 0.2 mL of 150 mg/mL solution of procaine penicillin (Benacillin; Troy Laboratories, NSW, Australia) and 0.2 mL of 100 mg/mL cephazolin sodium (AFT Pharmaceuticals, NSW, Australia). iP rats received the antibiotic baytril (3mg/kg, i.p) and the anti-inflammatory drug meloxicam (3mg/kg, i.p). All rats were monitored daily for weight and/or behavioral changes.
AAV5-hSyn-eYFP, AAV5-hSyn-eNpHr3.0-eYFP, and AAV5-EF1a-DIO-hChR2(H134R)-eYFP vectors were purchased from UNC based on plasmids gifted by Karl Deisseroth. pAAV-hSyn-DIO-hM3D(Gq)-mCherry was a gift from Bryan Roth (Addgene viral prep # 44361-AAV5).
Behavioral Procedures Apparatus
Standard rat operant chambers (ENV-008) (Med Associates, VT, USA) were used for all alcohol self-administration and extinction procedures. The chambers contained two nosepoke holes symmetrically located on one sidewall of the chamber, 3cm above a grid floor. A recessed magazine was located behind a 4 3 4cm opening in the center of the same wall between the two nosepokes. Responding on one (active) nosepoke extinguished the cue light in the nosepoke and triggered a syringe pump to deliver alcoholic beer to the magazine during acquisition training, whereas responding on the other (inactive) nosepoke had no programmed consequences. A computer running MedPC-IV software controlled all events. Suspended above each chamber was an LED plus fiber-optic rotary joint and LED driver (Doric Lenses, Quebec, Canada) controlled by MedPC-IV for optogenetic experiments. The eight selfadministration chambers were divided into two groups of four to serve as distinct contexts for experiments with context as a factor. These chambers differed in their olfactory (rose versus peppermint essence), tactile (grid versus Perspex flooring) and visual (light on versus off) properties. These two contexts were counterbalanced to serve as the training (context A) and extinction (context B) contexts. Fiber optic cannulae and patch cables were fabricated from 0.39 NA, Ø400 mm core multimode optical fiber and ceramic ferrules (Thor Labs, Newton, NJ, USA).
Plexiglas chambers (Med Associates, VT, USA) with dimensions 43.2cm (width) x 43.2cm (length) x 30.5cm (height) were used for locomotor assessment. Movement was tracked with three 16 beam infrared arrays. Infrared beams were located on both the x-and y-axes for positional tracking. General behavioral testing procedures On the first two days, the rats received 20 min magazine training sessions in both context A and context B. During these sessions, there were 10 non-contingent deliveries of 0.6mL of the reward (4% alcohol (v/v) decarbonated beer; Coopers Brewing Company, Australia) at time intervals variable around a mean of 1.2 min. On the next ten days rats received self-administration training in context A for 1 hr per day. Responding on the active nosepoke extinguished the nosepoke cue light and triggered delivery via syringe pump of 0.6 mL alcoholic beer to the magazine on an FR-1 schedule followed by a 24 s timeout. Responses on the inactive nosepoke were recorded but had no consequences. On the next four days, rats received extinction training in context B for 1 hr per day. During this training, responses on the active nosepoke extinguished the cue light and triggered the pump but no beer was delivered. All rats were tested starting 24 hr after the last extinction session. We selected these procedures based on our past work that has shown robust context-induced reinstatement and reacquisition under these conditions (Hamlin et al., 2007) . For experiments with reinstatement or reacquisition components, an extinction criteria was included such that rats were not progressed to any relapse tests unless active responding during the final extinction session was less than 15 responses total. Extinction and Reinstatement test Rats were tested twice, once in the extinction context (extinction, context B) and once in the training context (reinstatement, context A). Tests lasted 30 (optogenetic experiments) or 60 min (chemogenetic experiments). The order of tests was counterbalanced and they were identical to self-administration except that the syringe pump was empty. Reacquisition test 24 hr after extinction/reinstatement test, rats were tested for the reacquisition of alcohol-seeking in a single session in the training context. Tests lasted 30 (optogenetic experiments) or 60 min (chemogenetic experiments). Progressive ratio test Rats received a single 1 hr self-administration session 24 hr after reacquisition test. They were tested 24 hr later under progressive ratio and lasted 60 min. The schedule was derived from the function: response ratio = [5e (reinforcer number x 0.2) ] -5, rounded to nearest integer (Richardson and Roberts, 1996) . Optogenetic manipulation Rats were connected to patch cables attached to 470nm LEDs (Doric Lenses, Quebec, Canada) or 625nm LEDs (Doric Lenses, Quebec, Canada). 625nm (constant, 8-10mW) or 470nm (10-12mW, 12.5 Hz, 40ms duty cycle) light was delivered upon commencement of the test sessions.
